Abstract Fermented foods are known for their potential as main source of probiotics. The present study aimed at investigating the probiotic properties of bacteria isolated from fermented mango pickle. Non-hemolytic fermenting microbiota isolated from mango pickle was screened in vitro for their basic probiotic properties such as acid tolerance, bile salt, lysozyme and salt tolerance. They were also tested for their beneficial characters like cholesterol removal, bacterial adhesion to hydrocarbons, auto-aggregation, antimicrobial activity, b-galactosidase activity, exopolysaccharide production and adhesion to HT-29 cell line. Outputs of these parameters were subjected to principal component analysis (PCA) and these results were interpreted to select prospective bacterial isolates that can be used as potential probiotics. Out of eight isolates, PUFSTP35 (Bacillus licheniformis), PUFSTP38 (Bacillus amyloliquefaciens) and PUFSTP39 (Bacillus subtilis) showed similar trend to Weissella cibaria (MTCC 9814) that was used as a reference strain for profiling probiotic properties. B. licheniformis PUFSTP35 from fermented mango pickle appear to be the most potential candidate for use as a beneficial probiotic.
Introduction
Probiotics are 'non-pathogenic live microorganisms' that when administered in adequate amounts confer health benefit on the host (FAO/WHO 2006) . Members of bifidobacteria and lactobacilli are most commonly used as probiotics (Sorokulova 2013) . Probiotics may prevent the penetration of pathogens in human gut by increasing the production of mucin, reducing the gut permeability and releasing antimicrobial compounds or modulating the immune system. Probiotics are known to have additional beneficial effects like helping in the management of lactose intolerance, lowering serum cholesterol level, improving the uptake of nutrients and reducing the need for antibiotics (Guo et al. 2010) . Routine use of probiotic is considered to be helpful to overcome various clinical conditions such as infantile diarrhoea, Helicobacter pylori infections, relapsing Clostridium difficile colitis, inflammatory bowel disease and uro-genital infections (Reid et al. 2003) . Many Bacillus strains have been approved by regulatory agencies as probiotic strains for human consumption. From many centuries, alkaline-fermented foods are prepared by using Bacillus sp. and consumed (Wang and Fung 1996) . In Russia and Ukraine, B. subtilis 3 and B. licheniformis 31 (Biosporin) are used as a drug for prophylaxis and gastrointestinal infections (Gracheva et al. 1996) . Bacillus spp. is the dominant microflora of Asian fermented foods as reported earlier from time to time (Meerak et al. 2007) .
Early studies reported that fermented food kinema was rich in Bacillus spp. like B. circulans, Bacillus sphaericus, Bacillus thuringiensis, Bacillus subtilis and Bacillus licheniformis (Tamang 2003) . Jeyaram et al. (2008) isolated B. cereus, B. licheniformis and B. subtilis from Indian soybean fermented food hawaijar. Different types of fermented foods are produced and consumed throughout the world for several centuries owing to rich nutrients, quality proteins and amino acids, desirable taste and flavour. Fermented foods act as substrates for production of enzymes, proteins and lipids to enhance the flavor, texture, aroma (Steinkraus 2002) . In Southern part of India, people consume different types of fermented foods such as curd, buttermilk, butter and fermented vegetables in the form of pickles that are made from mango, lemon, gooseberries, ginger, garlic, etc.
In the west coastal districts of India, a unique pickle based on wild tender mangoes is prepared by placing layers of tender mangoes in between layers of Salt. After a period of few months, pickle is prepared by mixing ground spice into the salt water and storing in a closed ceramic container for six to twelve months before consumption. During this period the product ferments with the rich salt tolerant bacterial species. Microbiology of the above product is uncharacterized. Current work has been planed with the hypothesis that product harbours rare salt tolerant microorganism which could be potentially probiotic. Microbiota from the mature pickle was isolated and characterized for their potential probiotic characteristic.
Materials and methods

Sample collection
Mango pickle (n = 15) samples were collected from Mangalore, Karnataka, India, located at Latitude 12.91 N and Longitude 74.85 E, and stored at room temperature at dark condition until processed.
Bacterial strains
Reference strain, Weissella cibaria (MTCC 9814) and the following test strains; Escherichia coli (MTCC 728), Staphylococcus epidermidis (MTCC 435), Enterococcus faecalis (MTCC 439), Enterobacter aerogenes (MTCC 2822), Yersinia enterocolitica (MTCC 861), Klebsiella pneumonia (MTCC 618), Proteus mirabilis (MTCC 425), Listeria monocytogenes (MTCC 657) and Pseudomonas aeruginosa (MTCC 424) were used for the study. All the above strains were procured from Microbial Type Culture Collection (MTCC), Institute of Microbial Technology, Chandigarh, India.
Isolation of bacteria from fermented pickle
Bacterial strains were isolated by spread plating of appropriately diluted pickle samples on MRS (de Mann Rogosa Sharpe) agar (Himedia), and incubated at 30°C for 48 h. Colonies were selected on the basis of different morphologies in MRS agar plate and sub-cultured until to get pure colony. All the pure colonies were stored in 4°C as slant cultures and in -80°C as glycerol (70%) stock for further use.
Hemolytic activity
Hemolytic activity of the bacterial isolates was carried by streaking them on blood agar base supplemented with 5% sheep blood and incubated at 30°C for 48 h. Only the nonhemolytic isolates were selected for further analysis of probiotic properties.
Probiotic characterization
Acid and bile tolerance
The experiment for tolerance of isolates (10 9 CFU/ml) to different pH conditions such as pH 2.0, 3.0 and 7.0 (control) was performed following the method described by Yu et al. (2013) .
The bile tolerance of test isolates (10 9 CFU/ml) was determined using 0.5 and 1% of ox-bile (w/v) as stated by Vinderola and Reinheimer (2003) . Viability was determined by spread-plate count using MRS agar.
Salt tolerance assay
The salt stress response of the selected isolates (10 9 CFU/ ml) were screened in MRS broth containing different concentrations of NaCl ranging from 0 to 10% (w/v) as described by Adnan and Tan (2007) .
Lysozyme tolerance
Selected isolates (10 9 CFU/ml) were screened for lysozyme (Himedia) tolerance as described by Zago et al. (2011) .
Cholesterol removal
Cholesterol removal ability was determined using 0.3% oxbile in MRS broth supplemented with filter sterilized cholesterol to a final concentration of 10 mg/ml (MRSoxbile-cholesterol) . Overnight grown cultures (10 9 CFU/ ml) were inoculated in MRS-ox bile-cholesterol and uninoculated broth served as control. The estimation of cholesterol was carried spectrophotometrically at 550 nm by o-phthalaldehyde method (de-Valdez and de-Taranto 2001 
Antibiotic susceptibility test
The antibiotic susceptibility testing was performed using Mueller-Hinton agar overlaid with 0.1 ml (10 9 CFU/ml) of selected isolates against commercially available antibiotic discs viz., Amikacin (30 lg), Chloramphenicol (30 lg), Gentamycin (30 lg), Kanamycin (30 lg), Spectinomycin (100 lg), Bacitracin (10 lg) and Vancomycin (30 lg) (Himedia, India) and incubated at 37°C for 24 h.
Antimicrobial activity
Antimicrobial activity of the isolates 0.1 ml (10 9 CFU/ml) of against selected food pathogens was determined by agar well diffusion method reported by Mishra and Prasad (2005) .
b-Galactosidase activity
The b-Galactosidase activities of the selected isolates were determined as described by Angmo et al. (2016) .
Screening for exopolysaccharide (EPS) production
Screening for EPS production was performed as stated by Angmo et al. (2016) .
Bacterial adhesion to hydrocarbons (BATH assay)
BATH assay of the selected isolates (10 9 CFU/ml) were performed as per Saraniya and Jeevaratnam (2015) using Eon plate reader (Biotek, India).
Auto-aggregation
Overnight grown cultures were pelleted by centrifugation at 8000 g for 10 min at 4°C, washed thrice and re-suspended in 100 mM (PBS) pH 7.4 and OD adjusted to 1.0 A 560 using Eon plate reader (Biotek, India). Auto-aggregation was performed according to the method described by Osmanagaoglu et al. (2010) . The percentage of auto-aggregation was determined by using the formula,
where OD I and OD F are initial and final absorbance, respectively.
Adhesion to human adenocarcinoma cell line HT-29
Adenocarcinoma cell line HT-29 was obtained from NCCS (National Centre for Cell Sciences), Pune, India and maintained in Dulbecco's modified Eagle's medium (DMEM, Himedia), with 10% fetal bovine serum (Himedia), 1X antibiotic-antimycotic solution (Himedia). Adhesion studies on HT-29 cells were performed as described by Arokiyaraj et al. (2014) . After incubation, the bacterial suspensions were removed carefully; stained with Giemsa stain for 20 min at room temperature followed by methanol fixation, and visualized under inverted microscope. The cell suspension was then serially diluted, plated on MRS agar and incubated for 24 h at 37°C.
where A O and A 1 are initial and final colony counts, respectively.
Identification of selected isolates by 16S rDNA sequencing
The selected isolates were subjected to molecular characterization by sequencing of 16S rRNA using 27F (5 0 -AG AGTTTGATCCTGGCTCAG-3 0 ) and 1492R (5 0 -TACGG YTACCTTGTTACGACTT-3 0 ) primers. The amplified product of 16S rRNA was sequenced and edited with Bio Edit 7.2.5 software and consensus sequences were compared with GenBank nucleotide database using Basic Local Alignment Search Tool (BLAST), (https://blast.ncbi.nlm. nih.gov/Blast.cgi). Gene sequences of 16S rRNA were used to construct the phylogenetic tree for determination of nearest bacterial species by UPGMA method using MEGA 7.0.21 software (Kumar et al. 2016 ).
Statistical analysis
All data were analyzed using statistical software IBM SPSS Software version 20.0. (SPSS Inc., Chicago, IL, USA). Additionally, XLSTAT software 2016 (Addinsoft, New York, United States) was used to conduct principal component analysis (PCA) wherein the results of both qualitative and quantitative assays were changed into three coded values (0, 1 and 2) and used as input data.
Results
Characterization of probiotic properties
Hemolytic activity of isolates
A total of 106 isolates were isolated from fermented mango pickles. All the isolates were streaked on blood agar plates for hemolytic activity. Among 106 isolates screened, 8 isolates were non-hemolytic and were selected for further probiotic evaluation.
Acid and bile tolerance
Exposure of test isolates to simulated in vitro gastric juice of pH 2, revealed viability count ranging from 7.37 to 8.24 log CFU/ml with a significant (p B 0.05) variability (Table 1 ). All test isolates retained similar level of viability after exposure to pH 3 for 3 h, and had higher tolerance than the reference strain, W. cibaria 9814 (SS1) at pH 2. Bile salt showed a significant influence on the viability of test isolate (Table 1 ). The survival rate of all isolates remained unaffected at 0.5% bile salt. The above isolates exhibited comparatively better tolerance than the reference strain at 1% bile salt (Table 1) .
Salt tolerance assay
Salt tolerance assay of all the tested cultures showed significant tolerance even at the highest tested concentration of 10% (Table 2 ). All the isolates showed significantly stronger tolerance when compared to the reference strain.
One of the isolates (PUFSTP70) showed the highest salt tolerance.
Lysozyme tolerance
In lysozyme tolerance test, all the isolates showed strong resistance at 50 lg/ml of lysozyme (Table 2) . Five of the eight isolates screened, namely, PUFSTP39, PUFSTP70, PUFSTP71, PUFSTP74 and PUFSTP81 consistently showed tolerance even at 100 lg/ml lysozyme, whereas isolates PUFSTP35, PUFSTP38, PUFSTP44 exhibited significantly lower tolerance to lysozyme. Reference strain W. cibaria SS1 showed reduction of 2.01 log CFU/ml viability in 100 lg/ml of lysozyme after 3 h of incubation.
Cholesterol-removal ability
The cholesterol removal ability of the isolates ranged from 70.89 to 12.82% (Fig. 1a) . Highest removal of cholesterol was observed with isolate PUFSTP38 (70.89%) and the lowest with PUFSTP70 (12.82%). Reference strain W. cibaria SS1 showed moderate levels 60.13% of cholesterol removal activity.
Antibiotic resistance
All the isolates were susceptible to the tested antibiotics, namely Amikacin, Chloramphenicol, Gentamycin, Kanamycin and Spectinomycin. The isolates PUFSTP70, PUFSTP71, PUFSTP74 and PUFSTP81 were resistant to Vancomycin. All isolates except PUFSTP38 and PUFSTP44 were resistant to Bacitracin. 
Antimicrobial activity
None of the selected isolates showed antimicrobial activity against any of the pathogens tested.
b-Galactosidase activity
Screening of eight isolates for probiotic potential revealed that the isolate PUFSTP81 only possessed the b-Galactosidase activity.
Exopolysaccharide production
Tested isolate PUFSTP35 was the only isolate that revealed exopolysaccharide production which was confirmed by ropy colony.
Bacterial adhesion to hydrocarbons (BATH assay)
The hydrophobicity of the isolates was evaluated by using xylene and n-hexadecane. Isolates exhibited hydrophobicity ranging from 1.25 to 57.33% and 7.07-57.51% towards n-hexadecane and xylene, respectively. Among the tested isolates, PUFSTP35 and PUFSTP74 showed higher maximum hydrophobicity compared to reference strain SS1 with hydrophobicity of 57.33 and 55.31% for n-hexadecane and xylene, respectively (Table 3) .
Auto-aggregation
Auto-aggregation of the test isolates was highly variable (Table 3) . Among the tested isolates, PUFSTP35, PUFSTP38 and PUFSTP71 showed comparatively higher aggregation (54.58, 48.57 and 58.83%, respectively) when compare to the other strains tested. Reference strain W. cibaria SS1 had auto-aggregation of 50.33%.
Adhesion to human adenocarcinoma cell line HT-29
The adhesion abilities of all the eight isolates are shown in Fig. 1b and c. The adhesion levels ranged from 8 to 58.33%, with the highest value for PUFSTP38 (58.33%) followed by PUFSTP74 (54.72%), PUFSTP39 (54.10%), PUFSTP35 (44.25%) and PUFSTP70 (31.37%). All the above strains showed stronger adhesion abilities when compare to reference strain.
Principal component analysis
Principal component analysis (PCA) was performed to analyze the relationship between the probiotic properties. Four principal components (PC) of PCA revealed a total variation of 97.15%, while the first and second components of PCA were considered of 50.32 and 22.91%, respectively. In (Table 4) , adhesion to HT-29, ox-bile, n-hexadecane, xylene, auto-aggregation, kanamycin, gentamycin was related to PC1 and PC2, variables analysed in the PCA are considered for the selection of most suitable isolates for further evaluation. The variables distributed on the PC1 and PC2 are represented in (Fig. 2a) . Test isolates projected on the bi-dimensional space on the components of PCA are shown in (Fig. 2b) . Test isolates PUFSTP35, PUFSTP38, PUFSTP39, PUFSTP44 and PUFSTP74 were the most potential candidates with the maximum probiotic characteristics. While isolate PUFSTP35 revealed higher resemblances with strain SS1 explaining the identical activity and probiotic characteristics of PUFSTP35 with respect to reference strain.
Species identification by 16S rDNA sequencing
Test isolates were identified using amplification of conserved region of the 16S rRNA gene. BLAST analyses revealed that the identified probiotic isolates belong to the genera Bacillus and Enterobacter and were identified up to species level. Molecular phylogeny analysis and phylogenetic tree constructed using UPGMA method showed homology towards the similar species in public database (Fig. 3) . The sequences of 16S rRNA genes were deposited to GenBank and accession numbers are given in Table 5 .
Discussion
The present study was aimed at screening probiotic potential and functional properties of bacterial isolates from traditional fermented mango pickle. Basic characteristic of a potential probiotic strain includes tolerance towards highly acidic pH of stomach environment and its persistence in intestinal habitat. To achieve successive stable viability in Human intestinal tract, the probiotic strain should be capable of tolerating the extreme acidity, bile, salt and lysozyme. Tolerance of bacteria to acidic condition is important to overcome the stress in the gut environment and it also makes the strain capable in surviving in high acid-foods for longer time without any b Fig. 1 a Cholesterol removal by test isolates in de-Man Rogosa Sharpe broth at 37°C and cholesterol removal was expressed in terms of percentage ± SE. b Adhesion of test isolates to human colon cell line HT-29 in de-Man Rogosa Sharpe agar at 37°C and adhesion was expressed in terms of percentage ± SE. c Adhesion of selected bacterial strains on HT-29 cell line stained with Giemsa stain (40 9) The presented values are the means of three determinations (n = 3), with standard deviations for each column, different superscript letters differ significantly (p B 0.05) by 2-sided Tukey's HSD
The superscripts denote statistically significant values obtained by 2-sided Tukey analysis using SPSS program reduction in their viability of cell numbers (Wang et al. 2010) . Our study revealed that eight selected isolates showed similar survival rate in both neutral and pH 3, which indicates their tolerance towards the acidic pH. Similar observations have recently been reported among the probiotic isolates from fermented mustard (Wang et al. 2014) . Further, most of the selected isolates were even tolerant at pH 2 with marginal decrease in cell viability noticed in certain isolates. Our finding is in concurrence with the report of Guo et al. (2010) . Wang et al. (2010) who reported that Bacillus species are capable of retaining their viability in stomach at pH as low as 2.0. Most of the selected non hemolytic isolates were tolerant to lysozyme (100 lg/ml) under invitro conditions. The similar lysozyme concentration did not affect the endurance of L. plantarum isolates from fermented cheese in a simulated stomach passage (Zago et al. 2011) . Salt tolerance can influence the physiology (water activity) and Fig. 3 UPGMA phylogenetic tree based on 16S rRNA sequences of selected isolates (*) with reference strains from NCBI database metabolism (enzyme activity) of bacterial strains, a probiotic isolate requires high osmotolerance to withstand excessive external osmotic pressure (Adnan and Tan 2007) .
Results from the present study on salt stress response were concurrent with Menconi et al. (2014) . Nonexistence of transferable resistance against clinical antibiotics is one of the primary characteristic of probiotic (Georgieva et al. 2015) . Earlier reports revealed probiotic bacterial isolates with b-galactosidase activity (Angmo et al. 2016 ). Betagalactosidase activity alleviates lactose intolerance in the gut by breaking down lactose in the upper regions of small intestine (Vrese et al. 2001) . Chabot et al. 2001 showed that EPS was involved in probiotic action, anti-tumour, anti-ulcer and immuno-modulatory activity and cholesterol lowering of isolate. Our study on antibiotic susceptibility, b-galactosidase activity and Exopolysaccharide production results revealed similar trend as reported by Angmo et al. (2016) .
These isolates from mango pickle are shown to be potentially probiotic. However they must survive in the upper intestine that contains bile. Bile salts are secreted by liver, stored in gallbladder and transferred to intestinal tract through bile ducts and these salts are toxic for living cells, therefore tolerance to bile salt are considered as an important property needed for potential probiotic isolates to show their viability in the intestinal tract (Succi et al. 2005) . Present study has revealed that all the selected isolates showed resistance to 0.5 and 1% of bile concentration. Similar tolerance towards bile has been reported for probiotics isolated from traditional fermented foods (Wang et al. 2014) .
Many bacterial isolates have been identified to exhibit hypocholesterolemic activity through their effect on host by decreasing cholesterol levels in intestinal tract and preventing from coronary heart disease. Removal of cholesterol is carried through assimilation or de conjugation of bile acids promoting excretion or binding the cell surface of both dead and live cells of probiotic bacteria (Saraniya and Jeevaratnam 2015) . In our study, considerable range of cholesterol removed in the medium was precipitated with inclusion of deconjugated bile acids (ox-bile). Pereira et al. (2003) reported earlier that removal of cholesterol by Bifidobacteria and lactic acid bacteria was higher in the presence of bile acids (ox-bile) in the media. Similar trend also was observed in our work.
Adherence to colon epithelial cells is one of the important properties and it's the most desirable process of any probiotic to aggregate with the host cell for providing immunomodulatory and other health benefits. Cesena et al. (2001) reported that the isolates have the ability to aggregate and are generally in hydrophobic nature and showed viable in the intestinal tract. Many earlier reports advocated that BATH assay (Duary et al. 2011 ) and auto-aggregation ability (Jankovic et al. 2012 ) are related to the properties of cell adherence. In this study, test isolates showed varying in degrees of adherence in the BATH assay and isolates such as PUFSTP35, PUFSTP38, PUFSTP44 and PUFSTP74 demonstrated higher adhesion towards n-hexadecane and xylene. Duary et al. (2011) reported the adhesion property of faecal isolate Lactobacillus plantarum Lp91 showed high degree of hydrophobicity for toluene and n-hexadecane and it was followed by another isolate L. plantarum Lp9. In the present study, all the isolates exhibited auto-aggregation to various degrees. Potentiality of auto-aggregation was increased with time. Similar results for auto-aggregation were reported by Dias et al. (2013) .
Adhesion to human intestinal tract is an important characteristic of probiotic bacteria. In-vitro and in vivo experimental models were reported to be used in investigating the adhesion properties of the proposed probiotic isolates (Tsai et al. 2004) . Previous reports have shown that adhesion properties are strain and matrix dependent (Tallon et al. 2007 ). The result of our study was similar to the findings of Jensen et al. (2012) with similar adhesion properties.
Potential probiotic isolates were selected by using statistical application XLSTAT, where in multivariate data analysis of all the probiotic properties were performed. The most capable and potent probiotic isolates were namely PUFSTP35, PUFSTP38, PUFSTP39, PUFSTP44 and PUFSTP74 as they capable of survival at pH 2, bile 1%, lysozyme (100 lg/ml), 10% salt tolerance and cholesterol removal (ox-bile). Isolates PUFSTP35, PUFSTP38 and PUFSTP39 belonging to bacillus sp. showed similar trend with the reference strain (SS1) indicating their potential to be utilized commercially. Studies by Tamang et al. 2003 revealed the presence of bacillus sp. with probiotic potential in fermented kinema. Further it was suggested that Bacillus sp. including B. licheniformis as starter culture for 'Hawaijar', a traditional non-salted fermented soybean (Jeyaram et al. 2008) .
Conclusion
The present investigation revealed that, PUFSTP35 (B. licheniformis), PUFSTP38 (B. amyloliquefaciens) and PUFSTP39 (B. subtilis) isolated from a traditional fermented mango brine pickle exhibited prominent probiotic properties in vitro. These isolates were shown to have most desirable probiotic properties; these isolates were originated from fermented products and considered safe for consumption, thus traditional foods can serve as potential source of probiotic bacteria. Our in vitro study has proved the potential of these isolates as probiotic candidates. Further confirmations of probiotic potential of the tested isolates using in vivo studies in future are essential.
